DOCUMENT RESUME 



ED 281 504 

AUTHOR 
TITLE 

INSTITUTION 

SPONS AGENC? 

PUB DATE 
CONTRACT 

NOTE 

AVAILABLE FROM 

PUB TYPE 



EDRS PRICE 
DESCRIPTORS 



IDENTIFIERS 



ABSTRACT 



iR 012 621 

Reeves, Thomas C. 

SST?*'J?-"*f^^^*®*' Instruction: Authoring Languages ^ 
cKic Digest. ^ 

ERIC Clearinghouse on Information Resources 
Syracuse^ N.Y. ' 

Office of Educational Research and Improvement (ED) 
Washington, DC. ^'^"f , 

Dec 86 
400-85-0001 

ERIC/IR Clearinghouse, 030 Huntington Hall, Syracuse 
University^ Syracuse, NY 13244-2340 (free while 
supply lasts) . 

©uides - Non-Classroom Use (055j Information 
Analyses - ERIC Information Analysis Products (071) 

HFOl/PCei Pius Postage, 

*Authoring Aids (Programing)? *Computer Assisted 
instruction; Cpstsi Instructional Deveibpment • 
^Programing Languages ' 
ERIC Digests; Transportability 

4 



™«,.* • * °* the^most perplexing tasks in producing 

computer-assisted instruction (CAI) is the authoring process 

t?lwlJlr?.'%^^;"f^^r as the process of turning tfil" 

flowcharts, control algorithms, format sheets, and bthe? 
documentation of a CAI program's design into computer code that will 
operationalize the simulation on the delivery syltem. Used iS this 
;«3fn^ authoring s essentially a euphemism for prlg^am^fng or 
coding^ The principle alternatives for the authoring process are a 
programming language (i.g. , BASIC, Pascal, or C)i al lutho"ng 
language (e.g., PI LOT-pius^ Cbursewriter , or TUTOR); Ot^rt author i no 
system (e^g. QUEST, IMSATT, or TICCIT), Programming llngSages should 
"2L*'fn??"l'^"^^^^^^"*f°""5 complex CAI unless the dlSflolmlnl 
team includes professional systems level programmers. At thii? 
current stage of development, authoring systems must be scrutinized 

blJweir?Bl1?I^&M-.*"*f^""^ languafes^afford the blst"omp?lsfse 
between the flexibility of programming languages and the ease^of^ull 

Of tSJSri??^^^^?"^- Specific_advantages and disadvantlglJ of each 
iLstflf J r — '^!^ I''? outlined, and transportability%nd boi? are 
^^f^Jifi *^"!"^°''*r* '""^^ regardless of which approach i" 
21 I * of steps to be followed when considering Adoption 

of a CAI authoring approach is provided. (MES) sooption 
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COMPUTER-ASSISTED INSTRJJCTION: 

LANGUAGES 



^— ^Wfaat is authbrihg? 



to-." 



3uter-assisted instruction (CAI) is generally produced 
through applicatibn of a systema^ approach to instructional 
developmex-xt, such, as the instructional Systems Design [ISDJ 
model (Gagne and Briggs, 1979J. Any instructional development 
approach includes many stages from initial needs assessment 
to summative evaluation, but one of the most perplexing tasks 
is the: ^'authoring" process^ Authoring is generally defined as 
the process of turning the flowcharts, control algorithms, for- 
mat sheets, and other documentation of a CAI program's design 
into computer code that will operationalize the simulation on 
the delivery system (Merrill, 1985). Used in this sense, author- 
ing is essentially a euphemisrn for programming or coding. 



What areihe_aitematiye approaches to aut horing? 

There are three principal alternatives for the authoring process: 

(1) a programming language je.g., BASIC, Pascal, Cj, 

(2) an authoring language (e.g., PILOT-Plus, Cdursewriter. 
TUTOR), or 

(3) ah authoring system (e.g., QUEST, IMSATT, TICCIT). 

PrDgramming language such as C and Pascal offer the ad- 
vantages of faster processing time and considerable flexibility 
when compared to CAI authoring languages and authoring 
systems. But they have the disadvantage of requiring more time- 
consuniing and expensiv^^ efforts than the other ap- 

proaches. Most programming languages are written in vyhole 
words rather than in the humbe^^^ or mnemonics found in 
machine and assembly languages, but these languages do not 
produce code resembling "pro^e." In most cases, considerable 
effort is required to attain expertise in these languages. Program- 
ming languages are also sbrnewhat easier to transport from one 
hardware delivery system to another than are authbrihg 
languages and authoring systerhs. However, CAI authored in 
aprogramming language does not automatically operate bri djf- 
ferent computers which clairn to run the same language, and 
son^^jaddUional coding may be necessary. 

Until recentjy, BASIC was the mbst frequently used program- 
ming language in the authoring of CAI, but many of the mbst 
recent CAI programs are authbred in Pascal or C. While BASIC 
IS initially easier to learn than Pascal and C, it is difficult tb 
manage long programs of the type required to run sophisticated 
CAI tutorials and simulations with BASIC, tasks that the struc- 
tured nature of Pascal and C handle mbre readily. At the same 
time that Pascal and C are gaining popularity among those us- 
ing programming langaages to authbr CAI, indications are that 
newer, sb called "artificial intelligence" (Alj languages e g 
FORTH, PROLOG, and SMALLTALK, are being explored as 
potential prbgram^^^ to author CAI (Dear, 1986). 

These newest programming languages bffer such advantages as 
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easy cdnstructibribf windows, icons, and other tools for enhanc- 
ing a CAI program's user interface, arid they also may enable 
designers to include natural language processors,.voice recogni- 
tion, expert systems, and knowledge bases in CAI. 

Aathoring langaa|;es such as PILOT-Plus and Coursewriter 
offer a middle ground between programmirig language and 
authoring system apprbaches to coding CAI. Authoring 
languages are interpreted languages, i;e., they are usually writ- 
ten in programmirig languages such as Pascal and C. Therefore, 
an instructional interaction written in an authbrihg language 
must go through several levels of translation before the desired 
interaction occurs: from the authoring language tb the program- 
ming language, from thej)rogramrning language to the machine 
language, and finally from the machine language tb the electronic 
signals that actually operate the computer. All these translations 
take place very rapidly, but there is a cumulative effect and 
noticeable lag time cari bccUr iri complex CAl programs. 

Merrill j 1985) provided a thorough critique of authbririg 
languages including an analysis of the pros and cons of this mid- 
dle Jround_ approach to authoring^interactivelnstractibricil prb- 
grams. The one real advaritage bf authbririg languages is their 
incjusibri of spe^^^^ purpose subroutines that facilitate iristruc- 
tional interactions. Merrill debunked sbrne of the other supposed 
advaritages of authoring languages such as the claim that they 
are easier to learn than prograriimirig^Ian^uages. He concluded 
that the skill and practice required to make authoring languages 
perform certain complex iristructibrial iriteractibns often exceed 
the expertise possessed by professional programmers. He alsb 
critiqued authoring languages fbr high demands on disk space 
arid mernbry byerhead^ retarded execution speed, frequent disk 
access, and the high royalties sometiriies associated with their 
use. 

Romiszowski ji986) lists the fbllbwirig as desirable features 
of authbririg languages: 

• Easy design of text messages using spacing, multiple 
font styles and sizes, color, etc: 

• -^f^^P*^"^^ '^"A^^^ user responses, e.g., 
keyboard, light pen, touch screen, mouse, track ball, 
etc. 

• Accurate and fast analysis of user^ responses iriciudirig 
sophisticated interpietatibn of mjsspel^ synonyms, etc. 

• Efficient record keeping and management of respbnse 
data for purposes of studerit guidance, formative evalua- 
tion, etc. 

• Accurate and fast branchirig based bri user responses 
tp feedback, alternative instructional sequences, help, 
databases, etc. 

• Creation of high resolution graphics or access to such 
graphics which have beeri created with other programs. 

• Exparid^ed color palette for design of foreground and 

"^^*^^^^^^J^^luding bveria signals. 

• Creation of sound effects and synthesized voice patterns 
for audio enhancement of instructibnal materials. 



• PP*^^'^^ for build^^ hew cbmmahd subroutines into the 
authoring language to handle unique instructional 
requirements. 

• Easy access to instructional sequences and other pro- 
grams |e:g:, a calculator) written in prograrhrhirig languages 
such as C or Pascal. 

• T?^* S^"^^^*^^^^ of 
_ bankis and generation of random samples of questions. 

• Options for integrating peripheral hardware such as 
videodiscs, CD-ROM, etc. 

■^^^r^ l^o riot appear to^ existing authoring languages that 

include all the options noted above to their maximum poteri- 
*^^^J^^fbre, an adoption of an author- 

ing language for authoring complex CAI should look for the best 
possible mix of the features. 

Authoririg languages, especially derivations of PILOT 
(Starkweather, 1986), eryby considerable popularity in the 
authoririg of all types of GAI programs. (There is everi a PILOT 
^P_^^*^^J^"*^^^st Group wjt^^^ for the Develop- 

rnent of Computer-Based Instructional Systems (ADCIS), the 
largest professidrial society in th^^^ In mariy interactive 

cleyelopment contexts, authoring languages may offer ari attrac- 

9f prbgrarnmihg languages and the 
^cility _bf authoring systems. 

The last few years have seen the deyelbpment of computer- 
based authoring systems that designers can use online to more 
or less automatically generate code which will "run" CAI for 
delivery bn specific hardware systems. Major advantages of 
authoring systems are that they eliminate the possibility of 
miscbmmun^^^ the design and programming stages 

— — and that they greatly decrease the cbsts^fbr expensive program- 
me^ qh a project development team. Jiowever,- authoring 
systems are a^ource of controversy iri the field bf CAI. CAI jour- 
^^^Ifreijuently feature advertisements for the&e systems which 
seemingly promise to jnake anyorie a superior CAI designer with 
^ fe^ simple fceystrbkes, [One^ for example, features an image 

of a monkey and includes te^t which read^:^The ^ 

A"*^oririg System makes computer programraing...so simple, 
fast, and cheap that even a chimpanzee cari do it.'"] At the same 
time, these same journa^^^ publish articles (cjf., Merrill, 1985. in 
press) which criticize authoring systems for a host of shortcom- 
ings includirig: 

• lack of flexibility, 

• complex command structures, 

• constraints on disc storage arid rhemory, 

• slow executibn speed, 

• difficult portability among delivery systems, 

• costly rbyalties, 

• limited instructional^ design options, and 

• frame-brierited presentation and interaction. 

The last two shdrtcbriiirijs are the most serious problems with 
respect to usirig CAI authoring systems, in order to produce ari 
authoring system, the developer usually identifies a specific set 
bf instructional design options or interactions which the system 
will allow (e:g:^ the ubiquitbu^ multiple choice question). If the 
options included in the system are all those required for a par- 
ticular CAI program, theri there is cbnsiderable advantage in 
usirig theauthpring system instead of the more difficult to learri 
and use programming or authoririg^lariguages. However, most 
CAI designers do not want to be limited to a predefined set of 
instructional options. 

Tl^e most fjrevalent feature of existing authoring systems is 
the frame-oriented approach for iristructibrial mteractiori, an ap- 
proach derivedirbm the prc^rammed instruction popular in the 
1960s. This frame-orientation can be traced to the logical con- 
an^^J^rJ^ch^^ inherent in the paper-based origins 

of programmed instruction. Most authoring systems are very 
capable of e^ffectively_ and efficiently implementing frame- 
oriented instruction; i^e^, instruction iri which a screen bf text 
and/dr graphics i^^^^ a question is asked (usually in 

multiple-choice format), and feedback as to the cbrrectriess bf 

O 
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the jeamer's response is made before branching to the next frame 
of text/graphics. Most existing CAl programs have been'designed 
^"^ P^^S^™^*^^ way^ fesi^^^^^ "electronic 

wbrkbbbk" phehbmenon for which interactive instruction has 
been severely (and justifiably) criticized. 

.^errill [in press) provided a thorough analysis and critique 
of existing authoring systems arid identified the follbwihg 
prescriptibris for ari authentic instructional authoring system: 

• ^^^^^^'^g^ o^^*^structjc^^ iriteractibri archetypes to serve 
_ as models for designers, 

• pP*^^?^ /or cbr^ iriteractibn archetypes 
iritb uriique sequences of instruction, 

• selection of cbriterit structures for brgariizirig arid access- 
irig subject matter, 

• L^o^ ^P^^^^y studerit riiariagement parameters and 
evaluation options, 

• various levels of interacti^^ system 
iricluding templates, parameter menus, and template 
creation, 

• Qri-line guidance to the designer in the selection of goals, 
content structures, strategies, arid learner management 
structures. 

Unfortunately, rib such authbririg systerii exists. 



What is the best approach to authoring? 



Obviously, there is no simple ariswer to the question of which 
^ut^bririg approach is best. It is clear that programming 
languages should noj be considered for authbririg cbmplex CAI 
^PJ^ssJhe develc^rnent team includes professional systems level 
programmers, instructional designers, teachers, arid subject mat- 
ter experts should riot expect to develop sufficient expertise to 
make the best use of a programming language for authoring CAI. 
At Jeast brie authbri^^^ field, Bork ^1985), argues per- 
suasively for ihe exclusive use of high level jprbgramming 
lariguajes folr CA^ for the inclusion of pro- 
fessional programmers on CAI develbpmerit teains^ 

Authbririg languages m^^^ the best compromise between 
the flexibility of programming languages and the ease:br-use of 
authbririg systems. This iiparticulariy true of derivations of ihe 
PILOT authoring language such as PILOT-Plus (Ford, 1987). 
^^^P'^''^^sed authbririg languages provide a good mix of rela- 
tively easy to learn and use commands for CAI as well as the 
^_^P^^^^ *o J*^adU^y coded in prograrnming 

languages for unique instructional interactions. For example, an 

that is primarily coded in an 
authoring language can contain a natural language prbcessbr 
authored in a prbgfammirig la^^^ use of two authoring 

approaches can be invisible to the user: 

^^^l*" P"^**^*^* stage of deyelopmeriti anthoring systems must 
be scrutinized \yith great care before adoption for complex CAI 
development efforts. Orie recent prefect inyblyirig the develop- 
irierit of j^iany hours of interactive courseware, was originally 
*^ ^A*^ a i>rbtb^ authbririg system. 

Hbweyer, when it was discovered that the authoring system's 
inefficient method of processirig graphics would require each 
user station to have a 30 megabyte hard disk capacity, the author- 
ing was switched to a PILOT-based authoring language (Reeves 
^ Ki*ng»_l?86). Of course, this does not mean that developers 
should abandon consideration of authbririg systems for future 
applicatibris. All three authoring approaches are undergoing ex- 
ceptional growth and development, arid newer arid better ap- 
proaches seem tb be ariripunced every week. For example, one 
new authoring system,^ IMSATT (Kanriari, 1986), represents an 
^**'S'^P*_ib jricorpbrate artificial intelligence features into an 
authoring structure. 

P^velbpers evaluating any authoring approach must be con- 
cerned with the issue of transportability (i.e., bri which hard- 
^^^e _^e^^very sy^ programming language, 

authoring language, or authoring system be used?), arid the issue 



of costs (i.e., what are the initial investments arid dlstributibri 
royalties inyblv^^^ the_apprbach?) Most CAl developers 

desire their simulations to enjoy as wide a Use asj)ossible and 
A*^^^^^9^^>^^^ software to run on as many 

computer systems as possible. The transportability issue is com- 
P*^F_^*^^ ^^cause "se^^^^^ consider more than just the corn- 
PuM used in the delivery system; every additional card or 
P^"P^^^?* ^^^^^^ i*5-8- ' Jra^hics card or videodisc playersl must 
be factored into the compatibility evaluation. Two CAI delivery 
be identicaUri every w^^^^ the graphics carjds, 

and therefore not run a particular program without considerable 
program modificatidri. 

..With. respect to costs, authoring approaches range from be- 
ing free '^public domain" software to j)rograms costing many 
thousands of dollars. More importantly, some authoring ap- 
proaches require run time licenses of $500 or more per station. 
In other words, if sonfieone wants to buy a CAI program, he/she 
may also need to bay the right to run the authoring software 
M'?^_*PjdevelgFL th program. Licensing agreements are very 
complex^ but many vendors will work but special agreements 
for specific applications. There are also public domain and com- 
mercial authoring approaches which entail no licensing fees. 



Given the lack of ari^ 'Ideal" j)rbgrammirig language^ authoring 
language, or authoring system, selecting the "best possible^' 
authoring approach for develbpn^^^ dependent upon 

icientification of the types of instructional treatments and instruc- 
tional interactions to be included in the programs as well as cer- 
tajri bther factors (e.g., portability, royalties, etc.). If a particular 
development context possesses rib f>rbgrammirig expertise for 
the motivation or time to develop such expertise), an authoring 
system may be desirable as long as it is robust eribujgh to i mple- 
?X^eriLtM_4esired instructional options without imdue memory 
constraints and/or retarded executibri speedy However, if an 
aut^ibririg^ system is appropriate, the GAl designers must be able 
to learn to use the system commarids easily, the system should 
be trarispbrtable to a number of desirable delivery systems, and 
it should not entail costly royalties. 

I^ np authbri^^^ can be found that possesses the 

characteristics desirable for developirig CAI bf a specified com- 
P^exity^it^rtiay be ne^^^ to identify a mix of authoring and 
programming languages. Obviously, the whble guestibri bf the 
best possible authbrin^ approach is related to the choice of CAI 
delivery system(sj. Some hardware delivery systems include 
authdririg language an^^ options while others exist for 

which ho authoring options have been develbped. Iri the final 
analysis, while the ayailaW of an authoring approach will 
influence the choice of delivery hardware, the hardware gues- 
^^^^ "^V^* be answered before a final decision can be made about 
authoring approaches. 

_ -^py^^e considering adbptibn of a CAI authoring approach is 
advised to follow these steps: 

• Find but if the authoring approach has been used for 
CAI in your field or related fields. Cbritact the users and 
S^Miph them concerning their experience with the 
approach. 

• Require the vendor to delineate exactly which com- 
binations of computers, mohitbrs, exterisibri cards, etc. will 
aUbw application jauthoring and delivery) of the approach. 

• Require the vendor to specify all preserit arid future cbsts 
involved iri authoring and distributing authored CA!. Con- 
sider both the inijial investment arid any IJcerisin^ fees. 

• Evaluate the system against the criteria stated above by 
Merrill_(l§85j and, most importantly, in refererice tb the 
types of bjyectives and interactions desired for your CAI. 

• Evaluate each approach in comparisbri tb other authbririg 
approaches^ 

• Negotiate a^est period with the authoring approach so that 
it cari be evaluated iri the context of your actual operation. 
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• Investigate provisions for user support by the yeridbr or 
users' grou^s^ Firi^^^ primary developerjsj of the 

authoring approach is still involved with it sb that bugs 
can be eliiriiriated br eriharicemehts added. 
Obviously, not every vendbr erf a^^ be 
willirig tb cooperate in such a systematic evaluation, and anybrie 
considering authoring systems shbuld bXwa^ of systems that 
promise "iristant success" or "no effort necessary;" There is no 
such thing as an effortless approach tb authbririg CAI. Users 
riiust also consider the scale of their CAI development and the 
scope of its distribution. If relatively siriiple tutorial br drill-arid- 
practice programs are to be developed to enhance teaching in 
a local setting, an inexpensive or public doriiairi authoririg ap- 
proach ma^s^^^^ the other hand, developers of complex 
CAl programs intendedior commercial marketirig will do well 
tb carry but the type of extensive evaluation outlined above. 
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